Chapter 4

Result and Discussion

The ratio of glass to aga

From the

éon33l-332,the

ratio of void v@ S o f ¢ m\H\_ss in the preforms

was determined a glass powder 100 g

,.\

has a void volumg rast to the 1initial

™
understanding, emaining for the agar
sol cannot be congroll bed“ indegende: . So, the ratio of

glass powder to agg 'agar sol per 100 g of

put not to be a free para-

glass powder. This I3 W‘;

meter at all_' t showed that if

less agar sol h{s between the glass

!

grains were not }111ed completely If more agar sol was

chosen, i L8} FIRHVS IRV LG in-tree sone in

the upper part of the tegt tube. able 4.1 gummarizes the
resuq Wlm aﬁmimu\w Iao‘;mﬂ’] a che grains
float1ng until the sol gelled. But, fortunately, it turned
out that the precipitation process did not reéuire a less
dense powder packing than the above 30:100 ratio, and that
the sintering process did not require a denser packing.

So the above ratio was adopted for this thesis work. As
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an immediate advantage, the gel preparation route could
be set up in the convenient way as described in section

3:3.3:

Table 4.1 Consequences of the variation of the glass pow-

der to agar sol ratio (visual inspection)

ml agar so ental observation

100 g glass

?\“
20 \ f xcannot enter all voids
30 ‘ f1lled with agar sol,

egfegation

36 »ﬂ%ﬁ',‘f egation

X7
Pl

404 seor

“S‘ﬂ"ﬂ*ﬂ’éﬂﬁ H%‘}‘EW%ﬂﬂ’i
q RARIAINUNAIVLIAY.. v oo

c1p1tat10n tests. This is because until today, no system-
atic approach to the resulting precipitation patterns is
possible, hence the trial and error approach involving a
large aumber of samples. But in this thesis work. the

svstem was used as  found in a previous study (23).
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Prior .to presenting new data, some results from (28)
need to be recalled and discussed. In the previous study
multilayer precipitates of metal compounds with metal
ions Cu could be made in the system of agar gel only. The
preferential arrangement of electrolytes was such that

the metal ion (Cu) belc

to the outer electrolyte. It

,'o transfer the agar gel
_‘ )
"“'gels. With the above

arrangement of ¢ ,.*‘gf \QE;?;jcipitates occurred at
L3 i Deril 11 C

all. Precipi eatures were obtained in

was, however,

results to

systems with E : -'f" ;’~»;’- of electrolytes only,

i.e., with thefn ' be \ to the inner electro-
lyte. Even the gﬁ il C \ Ucture of these precipi-
tates was blurred. No Zomet tinctly free of precipitate

occurred. A typi hown_in Fig.4.1.

X
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diffusion direction --------- >

Fig.4.1 o= &INH C.O

4224

pyrogenic silica gel
area of approx.300 mz/g

of Dboth electrolytes

',ﬁfé entire scope of pre-

vious experlmqpts is repea d in this report in table 4.2,

ﬂummmwmm
ama\mmumwmaﬂ
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Table 4.2 Solubility situation of performed tests; Ex = outer, In

inner electrolyte; C in mol/l; Q = c(Ex)/c(In); log s
log X, / € c(Ex).c(In) 1 ; 1log K_(CuC,0,) = -7.54 ;
log K_(FeP0,) = -21.89;@:distinctly periodic precipitate

c (Ex) C (In) Q log s ¢ (Ex) C (In) Q log s
Cu(NO,), - (NH,),C,0, in A200 gel: (NH,),C,0, - Cu(NO,), in A300 gel:

0.1 0.1 100 .55 0.1 0.1 100 55
0.2 0.1 200 58 0.2 0.1 200 .58
0.3 0.1 300 60 0.2 0.2 100 6.1
0.5 0.1 0.3 0.2 L% 63
0.7 0.1 0.5 0.2 25 65
0.1 CuCl, - (NH,),C,0, in A200 gel:
02 0.1 0.1 100 55
03 0.2 0.1 200 53
0.5 0.3 0.1 300 60
0.2 b 0.5 0.1 500 6.2

0.7 0.1 7.00 6.4
0.1 0.2 0.50 -5.8
0.2 0.2 1.00 -6.1
0.3 0.2 150 -6.3

0.5 0.2 2.50 6.5
0.010 0.7 0.2 3.50 6.7
0.012 CuCl, - (NH,),C,0, in agar gel:
oz 0.1 0.2 0.50 -5.8
R 0.2 0.2 1.00 6.1
0.2 1.50 .30

. 0.2 2.50 6.5

- "r'h ,0, - CuCl, in A200 gel:
123 0.1 0.1 1.00 -5.5
0.1 p 0.1 1.00 -5.5 | o .- 5k 58
- — 0.30 55 : 0.1 3.00 6.0
FUMARBINYINT . = =
“ 0.1 0.1 1.00 -5.5 0.7 &1} 7.00 6.4
0.2 0.1 zocf -5 e ; 2 0.50 -5.8
QRIGINIHIINIGY -
g ; 0.1 5.00 6.2 ' 0.3 0.2 1.50 6.3
(NH,),C,0, - Cu(NO,), in A200 gel: 0.5 0.2 25 65
0.1 0.1 1.00 -5.5 0.7 0.2 3.50 %.7

0.2 0.1 2.00 -5.8 FeCl, - (NH,),PO, in agar gel:
03 o1 3.00 6.0l 0.0001  0.025 000  -16.3
0.5 0.1 5.00 6.2 0.001 0.025 004  -17.3
0.7 0.1 7.00 -6.4 0.01 0.025 0.40 -18.3
0.1 0.2 0.50 -5.8 0.02 0.025 0.80 -18.6
0.2 0.2 1.00 6.1 0.05 0.025 200 -19.0
0.3 0.2 L5063 01 0025 400 -193
0.5 0.2 2.50 .5 ' 0.2 0.025 8.00 -19.6
0.7 0.2 3.50 ©.7 0.5 0.025 2000  -200
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In this thesis work, the systems of agar gel with
untreated glass powder were investigated first. By using
the Cu(NO,)_  as outer electrolyte and (NH_,)_C_,O, as inner
electrolyte, no precipitation band occured. When changing
the arrangement of the electrolyte by using the Cu(NOs)z

L’ tead of (NH,)_,C,0_,, a single
}y)on band was found. More

as an inner electrolyt

distinct and dens

seriously, s erﬁ only if the metal ion
belonged to t :"fvtja yte. Thus the problenms

typical of p ailed. A removal of
sharp corners ~f\3\:ss grains by HF acid
etching did not '¢H}\'ment. The results are

summarized in th € 4.3 on the following

page. The problen drophilic nature of the

glass surface i x“‘,;* Jgr_ like in the particulate

silica gels, @ : iﬁoups.

iy

4.1 Pre~tests on pegiodic pre iﬁftation of hydro-
jfL

AUV
ARAININNAINLNAY

was chosen to treat the surface
of glass powder at first. The systems using hydrophobic
glass powder immediately lead to a successful reproduction
of the agar gel results. Distinctly periodic precipitates

were obtained for both arrangement of electrolytes and for
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various concenﬁration conditions. The best results were
obtained when the metal ion belonged to the outer electro-
lyte ‘(Cu(NOs)g 0.3 M) and the inner electrolyte was (NH_)
Cc0, 0.1 M. The results are summerized in the lower part

of table 4.3. The sketch in Fig.4.2 illustrates the mean-

ing of the symbols s ‘ d used to roughly classify

the results in t

AULINENINYINg
PRIAATUAMINYAE
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o
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Fig.4.2 1Il1lugf@ir 7 atilon pattérns tybically

found ég‘}he preciqﬂ&ation experiments summerized

AUSINENINETS
QRaea ST Y .

: a distinct and dense precipitation
band or zone
pp : distinctly multilayered precipitate

d : diffuse precipitation zone
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Table 4.3 Summary of precipitation pre-tests performed
for finding the suitable coating and concentra-
tion of electrolyte solution

NO. test C,e in M. C,inM. glass surface glass result | detail
wi.(g)
1 - Cu(NO,), 0.2 only agar - -
. PP =
= PP
2 8 d
8 d -
N 5
" o5 5
3 \\ ohi 8" b
ohi g b .
(i Y phil g™ "
4| (NH),C,0, 0. »W . phi 8 b
8 b
16") b,s -
0.2 " b
i ofiyung| 16”7 | o
5 (N®,);0.3 V¥ (NH,)€,0, s'tﬂgcJﬂ,lplxop 11 PP
03 ¢ 0. ilidone oi ‘ /g PP
QRAS IUNUNTILING | T .
9 02 silicone oil, phob 8 PP fig. 4.3
03 0.1 | silicone oil, phob 8 PP
04 0.1 | silicone oil, phob 8 PP
0.5 0.1 | silicone oil, phob 8 s
6 Cu(NG,), 005 | (NH,C,0, 02| silicone oil, phob 8 s
! 0.1 0.2 | silicone oil, phob 8 s see
I 0.2 02 | silicone oil, phob 8 pp | fig. 44
; 0:3 0.2 | silicone oil, phob 8 b
i 04 0.2 | silicone oil, phob 8 PP




Table 4.3 (continued Summary
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ipitation pre-tests

performed for finding the suitable coating and

concentration of electrolyte solution

NO. test C,. in M. C,in M. glass surface glass result | detail
| wi.(g)
7| (NH),C,0, 01} A ili€one oil, phob 8 pp
0. oil, phob 8 5 see
il, phob 8 v | gpids
il, phob 8 s
8| CuNO,)®o0. 2
N ' ¢ } | iCL, phobe 8 d
L spH.i SiCL, phobe 8 d -
L= L.phobe | 8 d
e
H - 3),91CL, phobe 8 PP
9| CumNoy, 03| (NH, ;:,-g,, .
be 8
— 'be 8 (i) i
Iﬂ : 3)Sic@mobe 8 %
¢ pH 9,|; (CH,)SiCL, phobe | 8 s
10 (ﬂl% E} ) : s ) 8 PP see
U ¢ gHa)Sicy a8 pp | fig. 438

note: *l gel column had double height ;

**) fraction 63 to 125 um ;
***) temperature for occuring precipitation is 50°C :
phil : hydrophilic ;
phobe : hydrophobic ;

the meaning of the symbols s, b, PP, and d is explained in fig. 4.2
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Some results from table 4.3 are specified in more
detail in Fig.4.3-4.6 on the following four pages. Fig.4.3
and 4.4 illustrates the influence of the outer
electrolyte concentration for a series of successful tests.

These figures are true quantitative representations of the

obtained precipitationy fpa : Desirable structures

occured in a pat.ion interval only, and

‘required at leas ay o develop It was found that if
the concentrati - ﬂﬁi- Lrolyte increased, the

distance of interface of gel is

wider than at B Fig.4.5, the result

is shown tha of inner electrolyte

increases, the .he first band from the

interface of ge han at lower concentration.

—
AT
An explanation in térms of ion »~and supersaturation

- the lev 2\

cannot go bjyf_‘ ‘ijulation. This will

T
not be tried ]m this the ~ u

AULINENTNEINS
RIANTIUNRINYAE
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precipitation

oil treatedi+agar gel (0.1 N (NH

patterns of CuC,0, in glass
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Influence of outer electrolyte concentrations on the development of

{silicone
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Fig.4.4 Influence of outer electrolyte concentrations on the developnent of
periedic  precipitation patterns of CuC,6, in g¢lass posder isilicone

oil ireatedi+agar sel Q.2 N ‘KE, 1 .C,0," systen test K0.6
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¢ 0.2 M
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0.1
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0.4M
v v Cu(NO,),

ANEnemine

(NH,),C,(

"‘M .

‘ﬂ‘m M’ﬂ’?ﬂmﬁﬂw VEoE g ozmmmco,

Fig.4.5

Influence of inner electrolyte concentrations of
periodic precipitation patterns of <CuC_,O, in a
glass powder (silicone o0il treated) + agar gel

system (compare test NO.5, 6)
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0.1 M 0.1M 02M 0.1M
Cu(NO,), (NH,C,0, . y SOy, v (NH,),C,0,
[F]
£
+ = +
=0
QD
=
0.1 M 01M 02 M
(NHp,C;0, (NH,),C,0, Cu(NO,),
\' 1 Kl i \1) 1
03 M 04 M 0.1M
Cu(NO NH,C y SN0, v (NH,),C,0,
+
04 M
Cu(NO,), @/ B R Cu(NO,),
NENIWENIG e
ChMES JHR1IVIE A
q
Influence of the arrangement of outer and inner

electrolyte on the development of periodic preci-

pitation pattern of CuC_0, in a glass powder (si-

licone o0il treated)

+ agar gel system

(test NO.7)
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The system of hydrophobic glass treated with sili-
cone oil was very sucessful in generating periodic preci-
pitation. But in the heat treatment step, it caused se-
riously problems, because the silicone 0il impaired the
ry High reducing power. So an

w hosen, which is dine-

result is not satis-

glass property due to its

alternative hydrophobi

cipitation bands duced . in this case. Fron
direct observation
treated with silic
different. The ¢ les 4 '_ E'rst one were covered
with a wrinkled ski I

the original

glass powder. Paraffin wax was studied for

its coating ef : s s=fiests on periodic

precipitates 'ﬂjaces were not good

because the numpfr of bands as small and the bands were

not stralgﬁ u\%J ’a wﬂ wﬁ w E.rqtf}‘;roblem occured

from the on-uniform cq@ating. This was progwed by using
an opﬂ wm&&;m uiﬂ:l,g uEJhr] arﬂce of the
glass powder It was found that the coating by paraffin
wax was not uniform at all. So, this method of coating
had to be improved. This was done by using excess paraffin
wax and eliminating the excess by filtation through a

filter paper in an oven kept at 80 °C. By this, we
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used the low viscosity of molten paraffin to drain off any
bulk material of paraffin, leaving behind a thin coating
only. The results of the'two paraffin coating methods are
compared in Fig.4.7. The number of bands or ring was

combined coating with

significantly increased
dimethyldichlorosils “and in wax. Fig.4.8 sum-

marizes the influ

Height in cm.

01M

&1 N@oco.
188

N

Fig.4.7 Comparison of the periodic precipitation in
the glass (coated with paraffin wax) + agar gel
system between a) fixed amount of paraffin wax

b) paraffin wax (new method)



Height in cm.

4 v .
\\ ;
ot

\J \J

a,

Fig.4.8 Compari uence of each surface
Iopment of periodic
' prec&;ita O : s of CuC,0, 1in a glass

powder #yagar gel s

AUEATENINE NS

e SRR Inende
qur]aqﬁﬁr ed with simicone oa
d) treated with dimethyldichlorosilane
(CH ) _SicCl_
e) treated with paraffin wax

f) treated with (CH,),SiCl, + paraffin wax
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The characterization of the surface of glass pow-
der by optical microscope is shown in Fig.4.9 =~ #.11.
Fig..4;9 shows the surface of original glass powder and
Fig.4.10 shows the surface of glass powder treated with
silicone o0il. It is interesting to note that the silicone

0il 1looks similar

to ig.4.11, i.e., the paraffin wax

effect. One i(' hemics onded molecular layer

not visible in ] pe . | % the silane), and the

other one is d lance of water (i.e.,

by the wrinkledfsu: :‘“"5 the, ebating). Silicone oil
combihes both efife %"?

ﬂ‘lJEJ’J‘VIEWlﬁWEI’]ﬂ’i
ammn‘mumwmaa
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Fig.4.9 Optical micrographs of
a) the original glass powder 63 to 125 um,
b) the original glass powder 125 to 180 um,

(bar = 100 um)
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‘l»

) 4 -‘_" AR

Fig.4.10 Optigdal/mi é}aphS‘of g lass powder 63 to 125 um,

% (S AN
coat gf q{lﬁ%pnegoil (bar = 100 um)

SR

[+ Jerkds i

Fig.4.11 Optical micrographs of glass powder 125 to 180 um,
coated with paraffin wax (improved method)

(bar = 100 um)



4.2 Main tests on the periodic precipitation

By the effect of the previously described
work, a suitable coating method for the glass surface was

found. The glass powder

d with dimethyldichlorosi-
lane and paraffin to be used in the main

tests. From experlments is s the effects of

many additional fgg-‘--’ e \Q: iined, such as concen-
tration of electr ,1 S\Esrﬂ\w-sults are shown in

Fig.4.12=4.13), ;\\;‘-ctrolyte (the re-

sults are shown i pH value (the results

are shown in Fig.4 ¢ tube (the results

are shown in Fig.4.r le - size of glass pow-

der (the results are 7) and of alternating

of temperature"tEF?:T?Tff_*_____ﬁ=:::$5 Fig.4.18). Fig.
Yy

4.12-4.14 demonsiﬂat- Sired jdiversity of preci-

pitation patterns €an, be produced in the silane + paraffin

treated samﬁ]eu H’erlﬂ mimﬂlﬂrﬁer electrolyte
concentrat'o:l of&: ‘i W . ? ,TUEIS illus-
trates%ﬁ’]‘vﬁn ﬂﬁmags, i']he ﬂﬂnceanetween band
is increased too. This is a powerful tool to control band
spacing. The cause is not clear, but may be seen from the
stability of the precipitates at various pH values. When
comparing the solubilitis (18-25°C) of copper (II) axalate

and hydroxide (37), log Kg = - 19.66 for Cu(OH)z, log Kg =

-7.64 for CuCy04, then it is likely that at increaed pH
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valus, the hydroxide is precipitated instead of the oxalate.
This is also suggested by the obsevation, that the color
of the precipitate changes. From light blue to dark blue.
Fig. 4.16 shows that when the diameter of tube is increased,

the distance between bands

increased too. Fig.4.17 il-

raction (63 to 125 um)
j

Lhanethewbig size fraction (125

lustrates that
makes band occurws

to 180 pum). Fi ¥s that the temperature

is a very impo temperatures, Dbands
were very thic s, did not occur. Fig.4.19
illustrates e . er shapes of preform. It
shows that perio nds can be produced in
other shapes, too ajor importance ' for the
further development—é materials. A rod with a
distinct seq?;E' - ,Eﬁ ould not yet exhi-

bit any specifﬂ‘all g eleﬂ‘rical functions. But

HEIVTETIT RN
RIAINIUUNINYAY

a piece co tainfﬁﬁidistinct 9éops of conductive matter dé—
finitely ﬂ
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A=
=
oK
=
2C20,
Cu(NO,),
Fig.4.12 1untly -i;-*--u-ﬁ-iﬁ-‘-"’-“—""‘__g’a concentration on
the i op lodi¢ precipitation pat-

terns of .CuC,0, in aglass powder ((CH_) S3C1.. 5

AUBINERINY LDV oo o

RTRIRTRlAMAINeNaT



Height in cm.

oS S AN

Fig.4.13 Infl' finner elect: .‘;‘ oncentration on

the i odie | precipitation pat-

terns off @guc_0. in afiglass powder ((CH.) Sicl_ +

mmilﬂmdwmmel cvoten at
aWﬁa%mmummmau
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= 0.3M
E ¥ 4 Cu(NOy),
=
3 .
.E'D
-
i . 0.25 M
N ):C;0,
e Y me of outer electrolyte
N ailas
’F
= 1‘
7
dﬂ;,l i
B 0.3 M
DRIl

Height in cm.

AU NI

AN TN 18

1.0 2.0  ml volume of outer electrolyte

Fig.4.14 1Influence of volume of outer electrolyte on the
development of periodic precipitation patterns
of CuC,0, in a glass powder ((CH,) _SiCl_, + para-

ffin wax treated) + agar gel system at 2545 & -



P 0.3 M
a v Cu(NO,),

Height in cm.
+

0.1M
(NH,),C,0,

Fr

B 8 PH of inner electrolyte

=

h
i

/

[N

[0 | LY

Fig.4.15 1Influence o lue of inner electrolyte

LA
on | | i precipitation pat-
teris der ((CH,} SiCL, 4

paraffin wax treated) + agar gel system at

AUEINININYINT
AN TUAMINYAE
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0SS M
. Cu(No,),
H v S +
= L |
=
= —
= \ T
\ N 01M
= (NH‘).C,O‘
1.05 | PO ="= ; 2.40 cm. diameter of tube

Fig.4,16 lyence of diameter of th ;‘}be on the deve-

7
ipitation patterns of

¥

lopme i

glass (‘;gted with §GH,) .SiCl, + paraffin wax) +

AHE AU FUENNT
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= 0.3 M
g. = ' : (Nos)z
= | e
) | ——
2 |
5 4
-1 o 1% ize fraction of glass powder
' )
: 2 i;.i .
Fig.4.17 Influence of @ ‘ e of the glass powder on
“the d elc cipitation pat-
terns er ((CH,)_Sicl, +

paraffln wax) + agar el system at 2545 C

ﬂUEI’J‘VIH'VIﬁWEﬂﬂ’i
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L 24230°C ) > 442°C ) 44>30°C )
_ 102
i 0.3 M
g
E L ¥ v L4 Cu(NOy),
g,, NN
i 0.1 M
B | / (NH4)2C204
days
s 7
- |2d(>30 " C)
_ ; | J:j‘
i {:a 03 M
g L % ' Cu(NO,),
]
2| m 0.1 M
i la o \\ (NH ).C.0,
AUERNUNINENNT ‘
¢ e/ .

QI . - d days

Fig.4.18 1Influence of alternating of temperature on the
development of periodic precipitation patterns
of CuC,0, in a glass powder ((CH,)_SiCl, + para-

ffin wax treated) + agar gel systenm
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y e I
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Fig.4.?9 Periodic precipitation in tube preform(a), hollow

rod preform(b) and torus preform(c) in system of
glass (coated with (CH,)_,SiCl, + paraffin wax)
+ agar gel; outer/inner electrolyte concentration

= 0.3 M Cu(NO,)_/0.1 M (NH,) C,0,



4.3 Pre-test on heat treatment

Samples bound by dried agar gel but not

bressed were heat treated at g temperature close to b

724 °C. Some of the samples contained one or nmore precipi-

tated copper oxalate one case, a sample with a

distinct and den one was used. The sap-
ples densified wimmemprafl | o .. oo high

temperature appli ) or, \*“ lape was distorted (see

Fig.4.20). sg \
1 \\\}

9N

Ipon careful selection of

ot a task of the pre-

‘sent thesis, geted by a parallel

thesis. The te ense precipitates can

without any problems.

the temperature,t-*-gg‘-:;~* i ¢ be by-passed. This

would mean a9\ .fﬁ ation of the pre-

’-‘ ]
e

'
|
paration route, s

ﬂuEI’J‘I’IEWﬁWEI’]ﬂ‘i
QW’]Mﬂ‘iﬂJNW]’mmﬂEl
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b)

Fig.4.20 The preform of glass + agar gel system, heat
treatment at a)700 ©C; left: dense precipitation

and aiffuse zone precipitated; right: no precipi-

tation zone. b)550 ©C
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Severe problems occurred with samples containing
powder surface-treated with silicone oil. The o0il had a

considerable oxygen deficiency. It decomposed to white

Si0o, at the outside (see Fig.4.21) and to black Si at the

)

inside.

rigas. 21@3—4&!’3 ﬂﬂﬂi"dﬂ’mld
QW’TNTT‘E?Q‘MWWM@E]“ e

the outside
Paraffin wax and dimethyldichlorosilane did not show this

problem and was completely decomposed and removed by heat-

treatment.
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4.4 Microstructure characterization

The microstructure was characterized by
optical microscope. The microstructure of a precipitated
band prior to heat treatment is given in Fig.4.22 and

.!,)r/—/-/;l?ig.mz&

the heat treated sampl

PRI TUAMINYAE

Fig.4.22 The precipitated band prior to heat treatment,
optical micrograph

(bar = 100 um)
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f —

Fig.4.23 Optical micrograph of precipitated band after

heat treatment

(bar = 100 um)
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The interfaces of precipitate and glass after heat

treatment studied by scanning electron microscope (SEM),

is given in Fig.4.24. The white phase is Cu compound.

Fig.4.24

Scanning electron micrograph of the interface
of precipitate and glass ; the left side shows
the precipitated zone and the right side is the

glass zone.
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4.5 Decomposition of the precipitated compound
(copper oxalate)
The decomposition of copper oxalate was
studied by thermogravimetry (TGA) and differential thermal

analysis (DTA). 1In the experiments, the atmosphere used

was oxygen gas (see , or nitrogen gas (see Fig.

4.26). The result {"3h ] ﬂﬂszlhtmosphere has a strong

effect on the . %mposfaon of copper

oxalate was \x;w lowing four cases:
case | WO + CO_ + CO 3

wt. loss = 47.5 %

case 2 8uoO + 2CO H
wt. loss = 37.0 %

case 3 ;g;¢f ‘ - + CO H
| wt. loss = 18.5 %

case L1 L84 0 + 2cO_ + Lo ;

wt. loss = 52.8 %

4.25 and Flﬂ ‘LIEJ iows f?‘i“ﬁ Wﬂrlﬂjcurves il It

hat copper oxalate decomposed at
approxa:ﬁq m ﬂwmw,ﬁ]%%maﬁ (51.5 %)
in the lxpefiments, we conclude that the copper oxalate is
decomposed to Cu(I) oxide (case 4). A consecutive re-
oxidation (partial) to Cu(II) leads to a weight gain of
8.5 %. At the peak at 1069.6 °C (Fig. 4.25, 0, atmosphere),

the Cu,0 forms a eutectic melt in the sub-system Cu_,0-Cu0O
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(see right side of the cCu-0 phase diagram in appendix
A(A)). At the peak at 1087.0 °C (Fig. 4.26, N_ atmo-
sphere), the Cu,O0 forms a eutectic melting the sub-systen

Cu-Cu,O0 (see left of the Cu-0 phase diagram in appendix

A(A)). The peak at 1200 °C is the reaction point in

the sub-systen Cu-Cu_Ou ¥/ long term objective, we

want copper in the fg o ete :_copper. So the oxygen

partial pressures iﬂ?'v b ransad Cu0 ---> Cu,0 and
Cu 0 mesb , ¢;§§<‘.»-. as a function of
temperature by j - -?E§k¥ in appendix C. At
temperatures ' \\\ ture (safe range :

14

T € 530 "¢, Pt low as 10~ bar

(see Fig. 4. mixtures (see Fig.

4.28) this can be achie e in tice. However, care must

be taken to -sts avay fro ragge  where Sio, is

: - — o
reduced (see . F B#s are meant as

recommendations Elo be wused 1in theﬂaparallel thesis on

e A ANENTNGINT
IR TUAMINYAE
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log P(H2); N2-H2, H20 saturated at 30 *
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and Cu,0 --> Cu, compare with the transition sio,
--> Si and §i0, --> si0 vs. temperature
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